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(57) Abstract: A waveguide optical interferometer which is free from an additional work and excessive loss of light which accom- 
panies the insertion of a 1/2 wavelength plate, low in cost, has high reliability and is independent of polarization. In an optical 
multiplexer / demultiplexer such as an AWG, a Mach-Zehnder interferometer which utilizes interference of light beam passing 
through a plurality of optical waveguides of different lengths, all the integrals of the birefringence values of the optical waveguides 
(which may change or not change along the waveguides) in the longitudinal direction of the waveguides (201 and 202) are made to 
be equal to each other. Thus, polarization- independent operation can be realized and, to the contrary, a polarized beam splitter can 
be realized only by changing the waveguide widths. For instance, the core width averaged in the longitudinal directions of short 
optical waveguides out of the optical waveguides having different lengths is made wide, and the averaged core width of long optical 
waveguides is made narrow, thereby realizing polization independence. 
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MvXfA) ©M5fijW8A/C**. £©3fefcR£SSflh>;*T-Afci5^T, SSflMflT* 
»©*£©»£ * bfc D , §fS$lT 1 #©ft 7 7 -f A*©*»©3tfll^*JI&S 

££*©AWG©|Hl!&|g/&£F I G. 1 8 fcjjVr. A**»&1 fcAltSttfefttt, & 
l ©X7^»»»2T7SS3 fc*¥#lR]fc:lHlSfU «jR©7K*&»4fci|g^'rs. 

»srr s 7 i/-r 4 tt-tn^n-£©*KfBi*^r i/r v» * fc «>> & 2 ©x ? 7* 

^S§5{c^f *Rlc, *ft©5tt-Att*fiK:ft#f*ffifflS*Kf-3. c©|g«tb 
x, *Sfc©3tt-A©^*T4i;s«^tt*fiK:tt#ur4J:a^bT5. *-©fcjfcffi 

x£#rts»6i§r#&g§t bxsitEt?>. 

dft* X$g££nfcAWGX«> «ft©7 l"f 4 ©□ 7WiS<r>fc* t < ««■ 
£nxv>fc. #'J7- ¥##&a**fctm©»»l&*ffl^TfP« 

Stt, *©<S***»ft*4aTViS. (M. K. Sinit, "New focusing and dispersive planar 
component based on an optical phased array," Electronics Letters, vol. 24, no. 
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7, pp. 385-386, Mar. 1988. Y. Hidafi, "Polymeric arrayed-waveguide grating 
multiplexer operating around 1.3 mi," Electronics Letters, vol. 30, pp. 959-960, 
1994. M. Zirngibl "Polarization compensated waveguide grating router on 
InP," Electronics Letters, vol. 31, no. 19, pp. 1662-1664, 1995. #M)„ 

5 -mz, w-wmu±izimbtcmmmt, m\zm&tzisfo\znmttm-z>TM 
ytt, mmzm^W5m\z%^m^^T^%t(Df^imm^mmt^. z.nz 

B = n m ~ n TE ( 1 ) 

10 

z.z\-q, B\mmmm*, n TM , n rz \t^n^niu%tTE%(Dmm^^ 



15 m (2) 



^ _ n TE M 

m (3) 



20 m&[eI#T*$: (Mm 
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ZO)m^i^^M^t?>—D(D^tLX, F I G. 1 9\Z*t£5\Z. AWG© 
4>*aft?7W«^4*K±«#4 5° M^fcl/2fcfi&7£#|8£^t.TjfA 
5 ^&^fei$$.t>tlX^ : &<> (Y. Inoueffi "Polarization sensitivity elimination in 
silica-based wavelength-division multiplexer using polyimide half waveplate," 
IEEE J. Lightwave Technol., vol. 15, no. 10, pp. 1947-1957, Oct. 1997 #H)„ 

£01/2 fo&U 7 UTMfttT EftOflftt- H3E3ft«t UT«£fibT£ D , AW 

10 fcU fll«ft#tt**¥«bTVi*. 
(fl^ft»0S&2W) 

AWG©±1BflliS[ft#tt*#«|-r*9J©^rj£t UT, 5£&#5;U£ rW^> h££ 

is Suzuki ffi, "Polarization-insensitive arrayed-waveguide gratings using dopant- 
rich silica-based glass with thermal expansion adjusted to Si substrate," IEE 
Electron. Lett., vol. 33, no. 13, pp. 1173-1174, Iun. 1997.#1). 
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z.<Dmmmw,2m<D^mts tmmtmom lmo-zmzit^x, i/2« 
»*. bfrb. %7z<Dj£mi&f)tf#mzmwctb, AWGf&mvft&rMt&^T 
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io »9i©IBw 

il*tt*»l^li^3 7IBk:ft#LT3Efls'r*c:i*^iii5^bfc. £ 
f¥L<tt, 7W#«a»©*»Wfe3 7«*--*-*S'(b$-&Sc:i:K:J:D, AWG© 

Sfc, ±fB@W£»f5fc&, *5B9l03&2©JglBtt, »ffi±©31Si»KT«j«S 

20 nzyt^miz&^x, mmft=Fmm»m$> mk<D%z<Dmz>ytmm. *«t 

WI3«ft©fi$©l|&S3t»*B©||JH*f**?5EF[RiK:a»Ufcfl[*t, 
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i *»*^»4«as:*©AA*sa, Mm%2<j)zy7 , mmizmm-i£ntc i 

©^tLT, ME*»©7U-r«SK©*BST&fi**iafca»Lfci[*«, «$C©7 
Sfc, WE«ft©7l/'f*S[BS©®*©»jft»lcHUT, ltnE»l*«ttf»2©X7 
$fc, frtB«»©7W*«»©ffl*©»«KfcBlbT> j»E»l*J;^»2©X7 

ywsKt ©ssbmk*i»* 2iit)K \m%.mm<D3 j^-emtftz nx& d» *© 2 
as* l < ««ftffiR©«imfi© jt«^ift©7 mmmrm* \zm %z.tit 

Sfc, «WB2a!«'bb<ttttfta!J(©3 7*©**K^ ttWttt»fc*fcT5r-- 
«MEJI»*3 7i|I©»»»*S8Brr5r-;W, ffi©H«««ftK«ttft*8S 

HnESV>fc*3 ©M&§$$:©7 W WftKififcWjff^^lttt^KK:* oT 

V>3 £ tZftWlttZ Z. t#T#3. 
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2 #©8jfc&j&> ^^57y/\i/x>^ ; fMT^ 0 > MfB 2 #©ft>f &&©□ 7*#. 

f 1 g. 1 tt*^Bj©^ 1 (DmmmmommmmAVJG (ru-fm^^mm 

FIG. 2»FIG. l©fift*ltt?§FAWG07W*iftttai5037ffi38»te**J;5 
F I G. 3«^&^S^©37*Ife#'l4^ii^1il5r^t^iS&3i7*Bi©M 
F I G. 4 A- 4 EU^mmof^ 1 ©**#«©«ftfctt#AWG©fls«IgSS"$- 

XSHTfft D ; 

F I G. 5 tt#5§BJ!©|fS 1 ©*Jfi»ttOfl|«[jStt#AWG©jSa^^^ WMtttfcji 
ja*tJftfit©MffT?S-ry97T?»D ; 
FIG. 6«F I G. 5©*«W©*l©**»ttt©Jt«Wi:LT:, *-®37i 
(7. 05^o» T?KW-LfcAWG©2a^^r-;H9tt*2ii*fciRfit©H<RT 
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F I G. 7 tt*S89i©&2 <DmM&m<DU$M&ftAWG(Dffil$.Z7F:t®mmT»$> 
0 ; 

FIG. 8HFIG. 7©««fe#AWG©7I/'f^?S^03i7^^?)=t5 

f i g. 9\z*mw(Dm2 0mm%Mm&m&&AWG(Dmmx^ bm&zm 

ifi*£jfc££©W»T!jS-f^77T?SD ; 

F I G. 1 Ott*^0j0B3©^WlOfi&ISft#AWG(D7W^&SSgI5©Ii7 

F I G. 1 lf4**M©*3©^»»Ofl*llft#AWG®7WW«»r < -/t» 

©lfc*;l2lT& 0 ; 

f i g. 1 2te*mA<Dm4<DmMMn®m&mmfAWG<D7u^mfo®U(037 

F I G. 1 3»a*»WO»5©*3^ll©fiS«Kfe#AWG©7W»»8S«©37 

F I G. 1 4^36W©»6 0*M»IB©fi&ll&##^»TyAyi>^*T*W- 
©*J5£*jS-f D ; 

F I G. 1 5«*^HJ©^6©^WM©«ISfe^*f^T7A«yx>y7t^#W 
©Mi®;W h;H#tt*^A»*t*««ftt©H«"T?^'ry7 7-C*D ; 

FIG. 1 6ttF I G. 1 5©*5fiW©»6©*MJg»t©Jttt«tUT, tfcfc©# 

*R*t316««»ci:©Hfin?«"ry97T?»D ; 
F I G. 1 7tt*^©M7©HiS^l©^t*-AX7 0 Uy^©^^-r^S;l§I 

F I G. 1 8tt«e*©AWG©*JS!G«S*-r#HaBlT*D ; 
FIG. 19 ttffi*©AWG©ffi©;»j£fl**f #8BT*a. 



WO 01/59495 PCT/JP01/00938 



5 f i g. i (c*^0^cd^ i omm%mzmmm,mfAWG (j v^mm^j- 

mmL^WtiLWi) ©EKfllfilSSw-r. COAWGHttl 0 0*07K»»B10 4 
tfEBSttTfcD, X7^W10 2£cktf 1 0 &£©«tt«©7 1 -/'t (EKcTf) 
SRMf, WKttKl 0 4©37fi*«l#l#JI&S. *©te©*Wttt-kiBbfc 
tE*#J©> FIG. 18 ©AWGtmiiT!**. HC:T> 1 0 1 \±\KMW®&, 1 0 2 

10 aAAiox7», io3^>UH>ss, i o 5\miim<D7>y7mm&. 

1 0 6ttffl*»iftlST?»S. 

FIG. 2fcFIG. l<D7V^mfo&3ftO)37Wift&frZ>£5\zmmLtz±.mm 
S^f. FIG. 2^Tct3fc, tC7WiiHSl 0 4©3 7ttW3fll (fi^TU 

is 5. 2 0 2«Skft#J©3 7i|i8. 2 5^D>CD7KI»B, 2 0 1 ttfifc 

*MI©3 71B5. 85^D>C7Ki»»SSt. 

*5fiW©t^o^^t*^)fc«KiS«B!»fBi37Swt©HfliftF I G. 3 
fc*f. FIG. 3*5*«»37fiw*«ffiVsK2*aiSttJi»fB35«*#<S:-3T^« 

20 S»©tt#tttS:oTViS. ?-&frl3> «jfi*JBWtt=i7*S««J£<3a:*t^a<«:*. 

«*RiBttJB«ftt3 73tf7^, ^©#R**«^*fc&<tt# 
1"*. **«»IBTtt» 37itf7^IH©rt»J6**«^5y H^7^K©rt»J«*KiH;^ 

25 FIG. 3©#Jft»ttJBJlT©37ffitt#tt*£tTtKli1-S. it^«&g$?<hLT«, 
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□ 7KJSfcJt^T3fe#fcj£VMS« («ft#J£LT, 3 7e#fcl®*©#&) Ttt, % 

K#7*JK©rt^#KJt^T;fcfrv>&#> 3 7S/W2X&S 

#f&9Jtt, ^m^btcF I G. 3 0»RK«HSf©37«4!alFttSHIffl-r4c:tf; 
£oTv *SB&*JB*r-e©*>©*OK:b&VVTj, TM3t©(f>^&*A TM i:TE^©«f 

#*l»*©»Sl&f1Mfcfr»&, FIG. 4A-4E£ffl^TfB¥KRgjT*. ->»J 
10 n>aS«l 0 3±fC^^STS i O.fciftfcL&TWi^y F#57.X-K 
4 0 1, S i 0 2 (CGe0 2 ^jjpLfcH7^y7.X-h4 0 2 SIHIf * (FIG. 4 
A). 

*•©& 1 0 0 0lC£U:©!SflT^5^2?8ftSff 3. £©R#I^ T«#5y K#5 
7.140 3tt3 05;7O>JP, 373tf77.4 0 4tt75^D>JPt&S«J:3fc, #57. 
15 ©i^l&ffoTlri* (FIG. 4B)„ 

3I$Se£, 7* hUV^77'fftaSSfflV»T37^f7^4 0 4±fCX-y5 1 >^TXi7 
4 0 5S7&£b (FIG. 4C), »Si£-f^>Xy5 1 >^|C«koT37Jtf7X4 0 4 
©/^-><b^ff5 (FIG. 4D). 

l«;f>m? 4 0 5 If* 18f?5y b*#77.4 0 6 £?f&*ltfift& 
20 -CJgfiU-r*. 1^77 K#5X4 0 6fcttB t O l ^P l O,S:if©H-/X>hStSJnb 
T#77.te$fig&-Rfv Wen©n7#77. 4 0 4 £ 3 7#77 4 0 4©$Et>lftn 
fcfc±«£5yF5tf?X4 0 6#AD&tr£"5K:L-O>£ (FIG. 4E). 
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S«l 0 3*6^7^1^-1 OMPa^TO^* (1 OMPaRJb©ffi|§jfitfj) 
A TM . A-te^T©^ (4), (5) TgE$ft$„ 



CCT?L lc ,LH l ttk#B*«ktfk + l#g07W«»»c!)ftSSj3^r. J;oT, 
f££3^i>fcR©Xl^ft<&3&#fct (4) 5££ (5) 5i©#ajWL<fcttfcr«t 

/ = const. 



tctzLBtt (1) aT4*5ft**«J»fcfl$f-e**. (6) Stt, fi^fiOS#L 

^*»»^4*7U-f*«»©3 7«aft^|^K:--^T»!W-LT^Sfci&, 
(6) sStt&T© (7) a©«fc3fcfflJ|Ifc**3S$ft4. 
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B k -L t -const. (?) 

retch B^tkmojuimmmmn&z. 

<Ttifi, AWGmm&&m<tzzz.tzmLT^%. fig. 3©^*^ 

t^T, (7) &*mtzt£?\Z. 1 0 OGHz^pgl 6^^>^;i/CDAWG&|gf)-Lfc 
££3, FIG. 2K^j;-5fc, -#fil^7W»»K2 0 1©37fitt5. 8 ^ i7 
P>t, -#fiV»7W8M|fcB2 O2 037ffitt8. 2 5£D>fcfc:>fc. 

AWGT(i> -ttfcBar«7WW»»o^Kfi||*--3ek:t-*i5SA«*«. £t 
©7W«iBSS l«i03 7«TKW-LT^fc«3fEK^Ttt, £S&H$f*#£T©7 
^^«T^LV^c^,li^T^7Wii«^aW^fi$©^(i-^T*ofc. 
UfrU *KttTtt-*-*©7 W*«U»37**«a&*fc*, *ttfcfc&T£3&H 
«f*t)Jlfe*. LT> »»tS7W»»KWflD»a»fefi30«tt-J6K: 

&S£ttlB5&^. «k»5#l,<tt, *»JBJr*t37IB3WH:W , rs«^tts P&f 67 

»«t*7^*ia«iBio«ia»aftsoigtt--jek:&6&^. ^imitwu 
^Ja«*t37«^ftwuT^fe^fc*»firr*7Wi»^iHi(D*iawfefi$o 

#-©D74g (7. 0$^D» Sffi^TfP*Ufeffi*a!C!)AWG©ajlX^h^S 
FIG. 6K^T. AniAnOXMiO. 12nra^-3fc, FIG. 5£FIG. 
6©tfc«K:«fcO, □7H=£ (7) a*«fit5«fc5lCjRgH-6J:tfc«kD, AWG©4l 
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■%&tbT\S, j£tfj#-£jfc£flitr>5;fr& (M. Kawachite, "Laser i rimming adjustment 
of waveguide birefringence in silica integrated-optic ring resonators," Proc. 
CLEO'89, pp. 84-85, 1989. #1) mmmt? 7i6TKgffif 3>&fe (H. H. Yaffe 
5 "Polarization-independent silica-on-silicon Mach-Zehnder interferometers," 
Journal of Lightwave Technology, vol. 12, pp. 64-67, 1994. #H§) a^&ttTHS. 
LfrU *^BJ«, E©«fc5fc#iinWfc:/Di:*£&£ittt\ Vy^Rfhr??*-* 
T**37S***.S£&tT* *©»«l&«JlSr*M»U AWG©M&ft#tt£$$j 

10 (Sg2©H;$©fg!) 

FIG. 7K*38§8©*2©*J|^IBOfllJ[f[«ltt#AWG**t-. CdT, 7 0 114 
7 0 2\±Xf>M<DXy7m®L&, 7 0 3tt->'j3>S&, 7 0 4«7l/< 
S&SS, 7 0 5tttB*ffl©X5^»ft», 7 0 6tta*««[KT*S. 3^Ufi®Jg©A 
WG(D||[i FIG. 10»lCD^*Jg*©AWGt^<Ri;T?*a. L^U ftl 
15 ©^te»«T?tt, 7 W»»K©37**« 1 *1*oS&oTV>fc©fcftl,"T\ 2 ©H 
Jt»167tt2^©37«©7W*i^*fflKii5#©fiS©lt*j6ft:S"fr*Ctt 
^Mfc2^iS«jaffS7W»»KKT?SEfl3S-&TV^jfii*<#tR7f»«. Sfc, 

2 mm<Du 7«©**isiBT©aaasdfes«riwrsfci&, w#©wfc»R«fctBa<*<i: 

-r§-r-A°SttALTV^o C©T-n^AfSCi:tCctO, ftfc*:i7«©WSB 
20 BBT©SNfiifi»l»*30*O. 5dB^6 0. 1 d B&T^£±<lifC{gMTt5. 

7W1R87 0 4©3 7«35«fc*»5J;5K:3lilLfc±i5BI*F I G. 8C*f. * 
*ifi#IBTtt» 37Ww,*5. 5 5^D>©IHfaS8 0 1 1, 3 7«w,= 8. 5 5#n 
>©#«K8 0 2£#V>T!gfr£ff?fc, 

*2©*il»li7rtt, ±E (7) S©ftt)DKl*3C (8) 



25 



^(w,) "i* K) + -Z t (w 2 ) = const. 



(8) 



WO 01/59495 



PCT/JP01/00938 



13 



£Jn?L k (w,), L k (w,)ttk#B©7U-f3lftKti5W*a7e5. 5 5£d>©;R 
3fc«fctf:3 7IB8. 55^P>©5$, B(w,), B(w 2 )ttn7i|S5. 55^p>O^JS 

AL(w,), £J:tf8. 5 5d?o>S»«j»8 0 2 ©fi$©^£ A L (wj) £T3£* R 



mA = n (Wj) AL (wj) + n(w 2 )AL (w 2 ) 



Ctlt, (8) 5St^6, AL (w|), AL (w 2 ) tt-£tt**l&5t (9), (10) T 



AL (w 1 ) = i t+1 (w 1 )-I it (w 1 )' 



(9) 



^fa^Aflfa^fa)' 



s fa) ■ "u, fa) ~ *fa) • fa) 



(1 0) 



^0#S?Lfcl 0 OGHzWHil XI 63>>*;KDAWGTtt, AL(w,)=l 4 95 
^□X AL(w 2 )=-8 6 5^P>tlSff-Lfc. 

Jg 1 ©^WtlTkt »»1-S7l^<»jfe»0»llWS:fi$©JSia-jeTW:ft^tj)t 
ifi, **ifi»IRT?tt (9) ^ (l 0) a*6to*»*J;5k:Bttt-S7WJ»»IS©»a 
Wfc*3©Jltt-£fc&2>. 

h;i>t>KB»U>. *IRK:flMBLfcf52©&J6#lB©AWG©a«;*** 
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£F I G. $3fet8:ff©AWG©jgjl7.^ b)WF I G. 6£tb$eLT, 

SllO*Jfi^ffiK:Jt^T, 82©£#llTfcL 7WS$S§©4>j£T?3 7*I©gft5 

jS2©£J6?gfB©AWGtt, 2mm<D37^HmtfT*%, A L ( Wl ) 

al (w 2 ) KH-^fiTft^ja^jgicD^ifijgaiDfeffnTu 

a*felx<tt*ti^±©ri7«*ffiv»T7W#jft»©ia:ff-*t-SiifepJI|-e*« 
FIG. 10 fc*3BE©fc 3 ©*«}glB©fl»*itt#AWG SSI". £ 3 ©gjttgtg 

o«tft#AWGH e^:^^**2©^»^8©«»^ttt^9£AWGiral; , T?*5 D * 

©ffi«j&tt, 2fflB©ffi©£fc5»S«£8j|J^5x--/'W* fc*6frfctfiiri?Sf|-£ 
n*«t)Dt:, *ft©fta:Sfi©«[»K*S5ittLT»lh$nTV»-5jiSCT*S. FIG. 
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